I. INTRODUCTION
ANY issues in the area of manufacturing, logistics and services are characterized by handling and processing problems with groups of jobs (orders) and operations, especially when these jobs are to be completed at the same time.
M
A very good illustration of the handling of jobs (orders) in groups is the process of preparing and serving food in a restaurant [1] . Guests enter the restaurant in different groups at different moments. Each group chooses a table and all jobs of the group members are taken simultaneously. After the accomplishment of these processes, all meal items ordered by a group are served simultaneously. The quality of service and the rate of customer satisfaction are raised if a meal item is served as soon as it is ready. In a restaurant, a group of meal items ordered by guests sitting at a table should be delivered together. Thus, the cooked meal items for a specific group have to wait until the last item of that group is cooked and is ready to be served.
The proposed research problem finds many applications in industrial companies, including but not limited to food, ceramic tile, textile production industries, distributions, supply chain, installation of bulky equipment, manufacturing of complex devices, etc. It can be noticed in many production and logistic industries that have different customers. Assume that each customer has different jobs. Each job has a different handling process function and resources, but all items ordered by a customer or group of customers should be delivered at the same time in one package to reduce the transportation costs, subsequent processing steps time and costs or/and assure proper quality of the product/service and customer satisfaction.
The remainder of the article is organized as follows. Section II presents a literature review. Problem statement, research methodology, mathematical model and contribution are provided in Section III. Computational examples, tests of the implementation platform and discussion are presented in Section IV. Possible extensions of the proposed approach as well as the conclusions are included in Section V
II.LITERATURE REVIEW
To best meet customers' expectations (Section I), multiple decision problems have to be solved. These include processes of food preparation and delivery, proper arrangements of customers at the tables, etc. Due to the number and character of the problems (multimodal, asynchronous, parallel) as well as constraints related to resources, time, etc., they are considered at different decision making levels. At the strategic level, problems of optimal configuration of the order processing/handling environment occur. In the case of a restaurant, these include the selection, configuration and arrangement of tables, known as the Table Mix Problem (TMP) [1, 2] . The ''best'' table mix is influenced by several factors such as: the expected number of each size party that will be potential customers; the expected meal duration of each party; the dimensions and the layout of the restaurant, which limit the number and type of tables that can be used, and the possibility of combining tables of different dimensions. Once the TMP is solved, i.e. the number of tables, their size, etc. are decided, it is necessary to assign tables to customers in the most profitable way. Operational decisions are mainly concerned with the most profitable assignment of customers to specific tables. The ''Parties Mix Problem'' consists of deciding on accepting or denying a booking request from different groups of customers, with the aim of maximizing the total expected revenue [3] . The revenue management RM problem is dealt with in multiple papers as the overarching question [3, 4] . Scheduling methods for optimal and simultaneous provision of service to groups of customers are proposed most often in the flexible flow-shop system (FFS). In the FFS system, processing is divided into several stages with parallel resources at least in one stage. All of the tasks should pass through all stages in the same order (preparing meals) [5, 6] . The exemplified objectives of the problem [6] are minimizing the total amount of time required to complete a group of jobs and minimizing the sum of differences between the completion time of a particular job in the group and the delivery time of this group containing that job (waiting period).
Our motivation was to develop a method that allows problem modeling and optimization for handling incoming jobs in groups with the same date of completion for various forms of organization. Development of optimization models, whose implementation using the proposed method will allow obtaining optimal answers to key questions asked by managers and executive levels.
III. PROBLEM STATEMENT AND METHODOLOGY
The majority of models presented in the literature (Section II) refer to a single problem and optimization according to the set criterion. Fewer studies are devoted to multiplecriteria optimization by operations research (OR) methods [6] . One paper [7] applies constraint programming, but it is used only to solve the static problem of restaurant configuration. Declarative environments such as CLP facilitate problem modeling and introduction of logical and symbolic constraints [8] [9] [10] [11] [12] [13] [14] . Unfortunately, high complexity of optimization models and their integer nature contribute to poor efficiency of modeling in OR methods and inefficient optimization in CLP. Therefore, a novel approach to modeling and solving these problems was developed. A declarative environment was chosen as the best structure for this approach [8, 10] . Mathematical programming environment was used for problem optimization [15] . This hybrid approach is the basis for the creation of the implementation environment to optimization scheduling groups of jobs. In addition to optimizing particular decision making problems connected with groups of jobs, such environment allows asking various questions while processing the jobs.
The main contribution of this research is the new method for the modeling, support and optimization of decisionmaking problems for handling jobs in groups. It is based on the integration of CLP and MP/Heuristic. In addition, the linearization and transformation optimization model was built using the CLP environment. Based on the proposed method and model, we designed the framework that allows modeling and optimization the process of handling groups of jobs. The presented method makes it possible to solve the larger size problems in a much shorter time in relation to mathematical programming (MP).
The general concept of hybrid framework ( Figure 1 ) consists in modeling and presolving of a problem in the CLP environment with the final solution (optimization) found in the MP environment or feasible by heuristic algorithm. In all its phases, the platform uses the set of facts having the structure appropriate for the problem being modeled and solved ( Figure 2 ). The set of facts is the informational layer of the framework, which can be implemented as relational database, XML files, etc. Description of the facts for the problem has been shown in Appendix A. A. Problem description This problem can be stated as follows ( Figure 3 , Table I ). Jobs (a=1..LA) enter the system in groups. Each jobs consists of operations (b=1..LB) and should be processed by specific resources, including parallel resources (r=1..LR). The jobs (a=1..LA) in each group should be delivered at the same time. It is assumed that all processors in the last stage are eligible to process all jobs. This assumption is valid due to the fact that processors in the last stage (waiters at restaurants who deliver meals or packers in a factory, or quality control) are the same in most of the application areas of the proposed problem. Special points at which orders are submitted and then delivered are introduced /e.g. tables/ (s=1..LS). The problem does not cover configuration of the points but relates to handling jobs, as many jobs may come from one customer/jobs several items from the menu/. Each job may be processed by a different resource set in any order. The transformation of the problem consisted in the transition from the classical representation in the form of operations to the representation in the form of resources. For this purpose, a corresponding CLP predicates were developed, which based on precedence and resource constraints as well as on the duration of particular operations determined the demand times and sizes for each resource. This transformation allows reductions in the size of the problem by the dimension of operation u. The transformation is performed based on the assumption that all the operations for the job are performed without interruption. Transformation is the key element in the hybrid approach. It allows the reduction in the problem size thus reducing combinatorial search space through the reduction of decision variables and constraints (see Appendix B). Objective functions. Minimiztion of makespan (1a) or minimization of average waiting time at each point s (1b).
Constraints.
Constraint (2) determines the order of execution of operations. Constraint (3) determines the start time of the use of the resource r . Constraint (4) ensures that C max is not less than the time of completion of each operation. Execution time for the point s is greater or equal to the time of execution of each jobs a at this point (5). Constraint (6) does not allow exceed the available number of resources r during period t. Constraint (7) provides resource r occupancy for the time execution of the operation u.
Operations cannot be interrupted (8) . Simultaneous completion of jobs a from the given point is ensured by constraints (9,10). Constraint (11) blocks resources for execution time. Constraint (12) 
B. Transformation
The transformation of the problem consisted in the transition from the classical representation in the form of operations to the representation in the form of resources. For this purpose, a corresponding CLP predicates were developed, which based on precedence and resource constraints as well as on the duration of particular operations determined the demand times and sizes for each resource. This transformation allows reductions in the size of the problem by the dimension of operation u. The transformation is performed based on the assumption that all the operations for the job are performed without interruption. Transformation is the key element in the hybrid approach. It allows the reduction in the problem size thus reducing combinatorial search space through the reduction of decision variables and constraints (see Appendix B).
All variables, parameters, auxiliary data etc. (Table II ) determined during this process are indicated in the superscript by CLP . The mathematical model has been developed, transformed and linearized for the research problem. The sets, indices, parameters, decision variables are presented in Table I . Objective functions after transformation.
Minimiztion of makespan (1aT) or minimization of average waiting time at each point s (1bT).
Constraints after transformation.
Constraint (2T) specifies the moment (period) from which resource r is needed to execute job (order) a. Constraint (3T) ensures that the makespan is not less than the completion times of all jobs. Constraint (4T) ensures that the number of available resources r in period t is not exceeded. Constraint (5T) provides resource occupancy for the time of the order execution. Resource r is used without interruption during the execution of job (order) a from point s (6T). Constraint (7T) is for determining decision variable Y. Simultaneous completion of jobs (orders) a from the given point is ensured by constraint (8T).
To linearize this model, an ancillary variable was used, L s,t ={0,1}, determined according to constraint (9T) (where coefficients/factors c CLP t are determined by the CLP). (Figure 4 ) was developed to enable solving larger-size problems. Its design was based on the rules of priority and properties. The heuristic algorithm adds consecutive points s to the schedule starting with those of the highest priority by the set criteria (Table III) . If, while adding s point, the algorithm finds that resource constraint is active, leading to the extension of the schedule length, it moves to another step. This step involves checking whether the adjustment of orders using those resources in a given period can provide a better schedule. 
INDICES, PARAMETERS AND DECISION VARIABLES FOR MATHEMATICAL MODEL

Sets
Set of points (tables) LS
Criterion Description
R1
The order that uses the most critical resource The order with the longest execution time
R2
Queue priority methods known from literature LPT SPT Underlining indicated the criteria chosen for the computational experiments (Section IV).
IV. NUMERICAL EXPERIMENTS
In order to verify and evaluate the proposed approach and models, many numerical experiments were performed for optimization scheduling groups of jobs. All the experiments relate to the problem with fifty points (s=1..50), twenty order types (a=1..20), fifty resource types (r=1..50), fifteen operation types (u=1..15) and from three to one hundred fifty orders o S,A
The main part of the study was a comparative analysis performed for Fc1 and Fc2 in four environments: mathematical programming (MP), heuristic algorithm, hybrid1 (CLP&MP) and hybrid2 (CLP& heuristic algorithm) hybrid and MP) to evaluate the effectiveness and efficiency of the proposed hybrid approach relative to the classical MP environment and heuristic algorithm. The experiments for examples E1..E7 were conducted for various values of parameters LS,N. The results are included in Appendix B (Table B1, Table B2 ). The application of the hybrid approach leads to a substantial reduction in (i) number of decision variables (up to fifteen times), (ii) number of constraints (up to two times) (iii) computing time (more than twenty times faster) for the above examples. For larger numerical examples, such as E3..E7 the MP-based approach cannot be used due to the length of calculations and, most importantly, exceeded size of the problems 584 PROCEEDINGS OF THE FEDCSIS. PRAGUE, 2017 accepted by the available MP solvers. Using hybrid approach (hybrid2), it reduces the computation time twice and improves the quality of approximate solutions (0-1% worse from optimal) in relation to the use heuristic algorithm (the quality of approximate solutions are 1-2% worse from optimal).
V. CONCLUSION
The proposed approach to the modelling and optimization scheduling groups of jobs can be used in many areas. Similar issues exist wherever there are a variety of customer jobs (orders), the handling of which require processes and additionally, both are ordered and executed jointly with a single delivery deadline. In practice, such an approach to group job (order) handling occurs in manufacturing, services, logistics and project management. The presented framework, which is an implementation of the proposed approach, enables effective optimization scheduling groups of jobs. This allows the implementation of optimization models with different objective functions and the introduction of additional constraints to the models already implemented. The illustrative example shows only part of the framework's potential. Significant results are to increase both the speed and the size of the problems solved.
It is foreseen in further research the use of a hybrid approach to (a) modeling and solving scheduling problems in production [16, 17] , (b) modeling and optimization of IoT processes [18] , and (c) implementation of more complex models, uncertainty, fuzzy logic etc.. APPENDIX A 
